Introduction {#sec1-1}
============

Mixed dentition analysis (MDA) is imperative for diagnosis and timely intervention of arch length discrepancies.\[[@ref1][@ref2]\] It calculates the difference between the amount of dental arch space available and that required to accommodate tooth material in perfect alignment.\[[@ref3][@ref4]\] The available space in the arch can be equal to, greater or smaller than the un-erupted teeth dimensions, which becomes fundamental in determining the treatment plan, that might involve, serial extractions, tooth eruption guidance, space maintenance, space gain, or simple monitoring of the occlusion.\[[@ref5]\] Thus, predicting the size of un-erupted teeth during the mixed dentition period is a critical factor in managing the developing occlusion of a growing child.

As an initial attempt to estimate mesio-distal widths (MDWs) of permanent canine (C) and premolars (Ps), tables are suggested based on the average dimensions of teeth.\[[@ref6]\] However, these approximations are unreliable clinically due to great variability in tooth sizes among people. Hence, prediction methods based on the measurement of teeth on radiographs,\[[@ref7]\] estimation based on the dimensions of primary and erupted permanent teeth using prediction tables\[[@ref8]\] (that employ simple or multiple linear regression equations) and a combination of these approaches\[[@ref9][@ref10]\] are popular. Among these, radiographic methods are less commonly employed clinically due to the radiation exposures and image distortion problems. Therefore, nonradiographic methods such as Moyers' (based on American white population),\[[@ref3]\] Tanaka Johnston\'s (TJ) analysis\[[@ref8]\] (based on Northwest European population), and Melgaco\'s prediction equations\[[@ref11]\] (based on Brazilian population) are frequently practiced. Nevertheless, the major drawback of these methods is the question of reliability when applied to other populations for which they were derived.\[[@ref5][@ref12]\] Studies on various other populations proved that these methods either overestimate or underestimate the actual widths of permanent C and Ps.\[[@ref5][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] Another question is the applicability of these equations that are based on pooled data (irrespective of gender) to both boys and girls.\[[@ref5][@ref20]\] To avoid these inconveniences, many authors proposed prediction tables and regression equations for their populations.\[[@ref13][@ref19][@ref21]\] Studies pertaining to this topic on Indian population are also reported in the literature,\[[@ref12][@ref19][@ref22][@ref23][@ref24][@ref25][@ref26]\] but, the population in south-east part of India is overlooked.

The existence of a significant linear association between the width of mandibular permanent incisors and un-erupted permanent C and Ps is reported; hence, suggested as the best predictor.\[[@ref3][@ref8]\] In the later studies, high values of correlation and determination coefficients are observed on adding the MDWs of the mandibular first permanent molars to the mandibular permanent incisors.\[[@ref13][@ref19]\] Also, different combinations of maxillary/mandibular first permanent molars with maxillary/mandibular permanent incisors were suggested for high prediction values to establish multiple regression equations.\[[@ref11][@ref13][@ref15][@ref19][@ref20][@ref21][@ref27][@ref28]\] However, a study, on a single sample population, to compare the capability of tooth/teeth combination to predict the MDWs of C and Ps, is not available in literature.

Evidence of dimensional change of teeth due to secular trends is also reported,\[[@ref5]\] which projects the necessity to progressively modify MDA. Hence, the present study is an attempt to suggest the best predictor/s for determining the MDWs of C and Ps and propose new regression equation/s for boys and girls in hitherto unreported population.

Methods {#sec1-2}
=======

The present study has been carried out in the Department of Pedodontics and Preventive Dentistry for a period of 6 months (from January 2014 to June 2014) after obtaining clearance from the Institutional Ethical Committee.

Sample {#sec2-1}
------

The children attending the department and school dental health programs were recruited; those who fulfilled below-mentioned inclusion criteria along with their assent and parental written informed consent to participate were included in the study.

Age range of 11--15 years (applying gender-stratified random sampling)Belonging to the local area (south-east part of India) ancestry, at least from one previous generationPresence of fully erupted permanent dentition (except third molars) with intact proximal surfaces, marginal ridges, incisal edges and contact pointsClass I canine and molar relationshipMinimal wear.

Children with the following factors were excluded from the study:

Inter-proximal caries or restorationsCongenitally missing teeth or supernumerary teeth (abnormalities in number)Abnormalities in shape, size, or structureHistory of orthodontic treatmentFacial disharmony and/or congenital craniofacial anomaliesTransverse discrepancies such as cross biteApparent loss of tooth substance due to attrition, trauma, massive caries, or artificial crowns on teeth.

Various patterns of tooth/teeth combinations with permanent maxillary and mandibular first molars, central and lateral incisors were framed \[[Table 1](#T1){ref-type="table"}\]. Patterns A to F are based on different combinations of permanent C and Ps widths; patterns 1--9 on the maxillary and mandibular first molars, patterns 10--12 on central and lateral incisors, whereas 13--33 are based on the combinations of first molars, central and lateral incisors.

###### 

Description of patterns

![](CCD-6-210-g001)

Impressions of maxillary and mandibular arches were made with dentulous, perforated, impression trays (Zhermack^®^ Spa, Italy) using irreversible hydrocolloid, tropicalgin (Chromic Alginate, Zhermack^®^ Spa, Italy), mixed as per manufacturer\'s recommendations. The impressions were rinsed in running tap water, disinfected with 2% glutaraldehyde, poured with hard dental stone (Goldstone^®^, Asher Technologies, Kozhikode, Kerala, India) immediately to avoid any dimensional changes, and vibrated manually. The dental casts were neither soaped nor waxed; and each model pair was assigned an identification number to ensure examiner masking for gender.

The maximum MDWs of all the permanent teeth were measured using electronic digital vernier caliper (Aerospace 0--150 mm with a resolution of 0.01 mm, Bearing and Tools Centre, Ahmedabad, Gujarat, India) following the Moorrees and Reed\'s standard method.\[[@ref29]\] This method measures the distance between anatomic contact points (from mesial to distal) at their greatest inter-proximal distance, with the help of sharp end calipers on the buccal or occlusal side. The tooth dimensions were recorded, transferred to the data sheets, tabulated, and analyzed.

The intra-examiner calibration procedure consisted of the primary investigator (KV) measuring 20 randomly selected model pairs twice, separated by 1-week. The inter-examiner calibration was done against a second examiner (RK) who also measured the 20 model pairs twice, separated by 1-week.

Sample size determination {#sec2-2}
-------------------------

Based on the lowest correlation value in the data obtained from the pilot study (sample of 21 model pairs), taking alpha error as 0.05, power of 95% and considering 10% for errors, a total sample size of 189 was determined.

Statistical analysis {#sec2-3}
--------------------

Statistical analysis was carried out using the SPSS statistical package (SPSS Statistics for Windows, Version 17.0. Chicago: SPSS Inc) with the level of significance set at 0.05. The mean, standard deviation and range of tooth dimensions for boys, girls, and combined sample were tabulated, and the normality of the data was tested using Shapiro--Wilk test. As the data were found to be normally distributed, the difference between the dimensions of boys and girls was analyzed using unpaired *t*-test. The correlation between the considered patterns and the MDWs of C and Ps was done, using Pearson correlation test. Linear regression was used to derive equations for the prediction of the sum of the widths of C and Ps for both maxilla and mandible. The best combinations of independent variables were determined, and multiple linear regression equations derived. The predicted (both from simple and multiple regression equations) and actual values were analyzed for difference using paired t- test.

Results {#sec1-3}
=======

The intra-examiner and inter-examiner reliability calculated, using Cohen\'s Kappa, from twenty randomly selected model pairs and were found to be 0.98 and 0.95, respectively, showing consistency of the tooth measurements.

A total of 432 children were screened, of which 201 (100 boys and 101 girls) met the inclusion criteria. The mean and standard deviation of the MDW of individual teeth in boys, girls and combined sample are represented in [Table 2](#T2){ref-type="table"}; boys showing significantly larger teeth than girls in both the arches.

###### 

Mesio-distal widths of permanent teeth in boys, girls, and combined sample
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Table [3a](#T3){ref-type="table"}--[c](#T5){ref-type="table"} shows the correlation between the considered patterns and MDWs of C and Ps in the combined sample. The lowest correlation coefficients observed were with pattern 3 (*r* = 0.38--0.48) and highest coefficients with the pattern 28 (*r* = 0.66--0.74). However, all the patterns were correlating significantly with MDW of C and Ps. Table [4a](#T6){ref-type="table"}--[c](#T8){ref-type="table"} shows the correlation between the considered patterns and MDWs of C and Ps in boys, whereas Table [5a](#T9){ref-type="table"}--[c](#T11){ref-type="table"} shows for girls. There are significant correlations in both boys and girls, though the correlation coefficients were less in girls, compared to boys.

###### 

Correlation of framed patterns in combined sample (boys and girls)
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###### 

Correlation of framed patterns in combined sample (boys and girls)

![](CCD-6-210-g004)

###### 

Correlation of framed patterns in combined sample (boys and girls)
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###### 

Correlation of framed patterns in boys
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###### 

Correlation of framed patterns in boys
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###### 

Correlation of framed patterns in boys
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###### 

Correlation of framed patterns in girls
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###### 

Correlation of framed patterns in girls
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###### 

Correlation of framed patterns in girls
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Comparison of the tooth dimensions on the right and left sides did not show significant difference between any two contralateral teeth in maxilla, whereas significant differences were observed in the dimensions of right and left lateral incisors and second premolars in mandible. Comparison of the differences in the contralateral teeth between boys and girls did not show significant differences in boys, whereas significant differences in dimensions of right and left mandibular lateral incisors and maxillary second premolars were found in girls.

For regressions, the average values of right and left contralateral teeth, in both maxilla and mandible were considered. As all the framed patterns were correlating significantly; only simple patterns were considered, following the sequence of eruption. Simple linear regression equations for boys, girls, and combined sample were determined to predict MDW of C and Ps in both the arches, which are represented in [Table 6](#T12){ref-type="table"}. All the equations were calculated as *y* = a + b*x*, where *y* is the dependent variable (sum of the mandibular/maxillary C and Ps); *x* is the independent variable (the considered pattern). Multiple linear equations were calculated as *y* = a*x~1~* + bx*~2~+*...; and the determined equations for boys, girls and combined sample are represented in [Table 7](#T13){ref-type="table"}.

###### 

Simple linear regression equations for prediction of widths of canines and premolars
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###### 

Multiple linear regression equations for prediction of widths of canines and premolars
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On comparing the actual values and predicted values from simple and multiple regression equations \[Tables [6](#T12){ref-type="table"} and [7](#T13){ref-type="table"}\], no significant differences were observed.

Discussion {#sec1-4}
==========

On reviewing the existing literature on MDA, Moyers' and TJ analyses are observed to be popular, widely employed, and proven to be clinically valid.\[[@ref3][@ref8][@ref17][@ref30]\] They are based on the predictive capability of permanent mandibular central and lateral incisors; the reported reasons for selecting these teeth being, first in the sequence of eruption, less variability in shape and size, can be easily and accurately measured and high correlation of these teeth with others.\[[@ref29]\] Thus, the major proposed advantage of these nonradiographic methods is the ease and speed of use by direct measurement of teeth in the oral cavity with minimum errors.\[[@ref5][@ref15]\] In due course, Melgaco analysis, proved to be a good predictor in Brazilian population, came into practice, which employs a combination of mandibular first molar and incisor teeth.\[[@ref11]\] However, due to the thrust for a better predictive capability, various studies have projected other teeth like maxillary/mandibular first molars, maxillary central and lateral incisors and different combinations of all the above-mentioned teeth as means to determine the MDW of C and Ps.\[[@ref11][@ref13][@ref15][@ref19][@ref20][@ref21][@ref27][@ref28]\]

Another major drawback of the Moyers' and TJ analyses is the development of these methods based on the data derived from population of North European descent.\[[@ref1][@ref2][@ref7]\] Studies comparing these methods with their respective populations have observed either overestimation/underestimation.\[[@ref3][@ref8][@ref11][@ref16][@ref17][@ref18][@ref30]\] Thus, regression equations for their populations were suggested by studies conducted on black Americans,\[[@ref31]\] black Africans,\[[@ref30]\] Asian-Americans,\[[@ref32]\] Egyptians,\[[@ref33]\] Mexicans,\[[@ref33]\] Americans,\[[@ref33]\] Peruvians,\[[@ref34]\] Saudi Arabians,\[[@ref35]\] Syrians,\[[@ref15]\] Hong Kong Chinese,\[[@ref36]\] Croatians,\[[@ref27]\] Nigerians,\[[@ref37]\] Thai,\[[@ref20]\] and Senegalese\[[@ref38]\] populations. Accordingly, several linear regression equations have been proposed for populations of different ethnic origins, assuming that the most accurate equation for prediction of tooth size should be based on measurements obtained from the population in question. Studies on Indian population are also reported with sample derived from western Uttar Pradesh,\[[@ref12]\] Gujarat,\[[@ref19]\] Haryana,\[[@ref22]\] Central India,\[[@ref24]\] Karnataka,\[[@ref23]\] West Bengal,\[[@ref25]\] and Himachal\[[@ref26]\] population. Hence, the present study has been performed with the aim of developing population-specific regression equations that can be consistently applied to the population of south coastal Andhra Pradesh (part of southeast India).

Another important aspect that should not be neglected in this field is the consideration of gender differences in the tooth dimensions. Studies conducted to determine the sexual dimorphism in populations of different ethnic origin considered so far, have revealed that the tooth dimensions were significantly high in boys, compared to girls,\[[@ref5][@ref7][@ref8][@ref10][@ref11][@ref16][@ref17][@ref27][@ref28][@ref30][@ref35]\] which is supported by the findings of the present study. Hence, equations for both the genders separately were formulated in the present study.

Differences between contralateral teeth have been considered in many previous studies, with no significant difference noted.\[[@ref11][@ref14][@ref16]\] However, in the present study, significant differences were noticed in mandibular lateral incisors and second premolars; only among the girls, with the left side showing larger dimensions than the right.

All the patterns formulated in the present study, using various tooth/teeth combinations, correlated significantly with the C and Ps MDW in both boys and girls. However, irrespective of the gender, the correlation coefficient values were high, as the number of teeth increased. This entails the significance of including as many teeth as possible for predicting MDW of C and Ps, rather than considering particular tooth/teeth. Thus, we can employ either simple/multiple regression equations depending on the status of dentition, as proposed in the present study. On comparing the actual and predicted values, no significant differences were noted for both simple and multiple linear regression equations, which highlight good applicability of all these equations to this specific population. The findings of the present study can be generalized for south eastern Indian population, derived from the same ethnic background.

Based on the following conclusions, this study thus focuses on the importance of framing particular equations for specific ethnic/racial population groups so that individualized treatment planning can be performed:

There was a gender discrepancy noticed in the present study, hence, gender separated, population specific new regression equations are proposed as good prediction methods to determine the MDW of C and PsThe accuracy of prediction improved considerably by inclusion of as many teeth as possible in the regression equationsThe newly proposed equations may be considered clinically useful for MDA in the contemporary population depending on the erupted teethThis paper also demonstrates the necessity of determining distinctive regression equations for various populations.
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